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disposed to drive wing movement and being respectively 
supported asymmetrically on the opposite surfaces and at the 
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VEHICLE WITH ASYMMETRIC NACELLE 
CONFIGURATION 


CROSS REFERENCE TO RELATED 
APPLICATION 


This application is a Non-Provisional of U.S. Provisional 
Application No. 62/027,522 filed Jul. 22, 2014 the disclo- 
sures of which are incorporated by reference herein in its 
entirety. 


BACKGROUND OF THE INVENTION 


The subject matter disclosed herein relates to a vehicle 
with an asymmetric nacelle configuration and, more particu- 
larly, to a duel prop-rotor multi-altitude vertical take-off and 
landing (VTOL) aircraft with an asymmetric nacelle con- 
figuration. 

A vertical take-off and landing aircraft (VTOL) is an 
aircraft that can take off, land and hover in a vertical 
direction and that can conduct flight operations in a hori- 
zontal orientation. A VTOL aircraft may be manned (i.e., 
piloted) or unmanned in the case of remotely piloted or 
autonomous aircraft and may be housed or stowed in places 
with limited deck and storage areas, such as naval ships. 

In some cases, a VTOL aircraft may have a tail sitter 
configuration. Because of its wide range of multi-attitude 
capability, such an aircraft needs to have center of gravity 
(CG) control capability about three axes. However, in a 
typical “turbo-prop” nacelle configuration, the nacelles, 
engines and the propeller-rotors hang below the wing such 
that hover CG limits can be exceeded and CG control 
capability can be deteriorated. 


BRIEF DESCRIPTION OF THE INVENTION 


According to one aspect of the invention, a vehicle is 
provided and includes a wing having opposite surfaces and 
opposite sides and first and second engines disposed to drive 
wing movement and being respectively supported asym- 
metrically on the opposite surfaces and at the opposite sides 
of the wing. 

In accordance with additional or alternative embodiments, 
the vehicle includes a vertical take-off and landing (VTOL) 
aircraft with hover capability. 

In accordance with additional or alternative embodiments, 
the wing includes opposite leading and trailing edges and 
opposite side edges extending between the opposite leading 
and trailing edges. 

In accordance with additional or alternative embodiments, 
at least one of the leading and trailing edges edge is 
substantially planar and at least one of the leading and 
trailing edges is tapered. 

In accordance with additional or alternative embodiments, 
trailing edge tapering includes a point at a mid-line of the 
wing between the opposite sides. 

In accordance with additional or alternative embodiments, 
the wing has a side-to-side wing axis extending between the 
opposite surfaces and the first and second engines define a 
lift axis transversely oriented relative to the wing axis. 

In accordance with additional or alternative embodiments, 
the vehicle includes an additional engine supported at a 
crossing of the wing and lift axes. 

In accordance with additional or alternative embodiments, 
the vehicle includes additional engines supported asym- 
metrically on the opposite surfaces and at the opposite sides 
of the wing. 
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In accordance with additional or alternative embodiments, 
the engines each include a propeller-rotor. 

In accordance with additional or alternative embodiments, 
the vehicle includes a first engine nacelle configured to 
support the first engine and coupled to one of the opposite 
surfaces at one of the opposite sides of the wing and a second 
engine nacelle configured to support the second engine and 
coupled to the other one of the opposite surfaces at the other 
one of the opposite sides of the wing. 

In accordance with additional or alternative embodiments, 
the vehicle includes first and second secondary wings 
extending from each of the opposite surfaces at one of the 
opposite sides of the wing and third and fourth secondary 
wings extending from each of the opposite surfaces at the 
other of the opposite sides of the wing. 

In accordance with additional or alternative embodiments, 
the vehicle includes alighting elements disposed at trailing 
ends of the first, second, third and fourth secondary wings to 
support the wing during grounded conditions. 

According to yet another aspect of the invention, a 
vertical take-off and landing (VTOL) aircraft with hover 
capability is provided and includes a wing having opposite 
surfaces, opposite sides and a side-to-side wing axis extend- 
ing between the opposite surfaces and first and second 
nacelle supported, propeller-rotor engines disposed to drive 
wing movement. The first and second nacelle supported, 
propeller-rotor engines are respectively supported asym- 
metrically on the opposite surfaces and at the opposite sides 
of the wing to define a lift axis transversely oriented relative 
to the wing axis to thereby facilitate center of gravity control 
during hover operations. 

In accordance with additional or alternative embodiments, 
the VTOL aircraft with hover capability further includes one 
or more of an additional engine supported at a crossing of 
the wing and lift axes and additional engines supported 
asymmetrically on the opposite surfaces and at the opposite 
sides of the wing. 

In accordance with additional or alternative embodiments, 
The VTOL aircraft with hover capability further includes 
first and second secondary wings extending from each of the 
opposite surfaces at one of the opposite sides of the wing, 
third and fourth secondary wings extending from each of the 
opposite surfaces at the other of the opposite sides of the 
wing and alighting elements disposed at trailing ends of the 
first, second, third and fourth secondary wings to support the 
wing during grounded conditions. 

These and other advantages and features will become 
more apparent from the following description taken in 
conjunction with the drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The subject matter, which is regarded as the invention, is 
particularly pointed out and distinctly claimed in the claims 
at the conclusion of the specification. The foregoing and 
other features, and advantages of the invention are apparent 
from the following detailed description taken in conjunction 
with the accompanying drawings in which: 

FIG. 1 is a front view of a vehicle in accordance with 
embodiments; 

FIG. 2 is a plan view of the vehicle of FIG. 1; 

FIG. 3 is a side view of the vehicle of FIG. 1; and 

FIG. 4 is a front view of a vehicle in accordance with 
additional alternative embodiments. 
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The detailed description explains embodiments of the 
invention, together with advantages and features, by way of 
example with reference to the drawings. 


DETAILED DESCRIPTION OF THE 
INVENTION 


As will be described below, a vehicle is provided and may 
be a vertical take-off and landing (VTOL) aircraft with a tail 
sitter configuration that can fly as a rotorcraft and as a fixed 
wing aircraft. Because of its wide range of multi-attitude 
capability, the vehicle needs to have center of gravity (CG) 
control capability about three axes. While this can be 
problematic in a typical “turbo-prop” nacelle configuration 
in which the nacelles, engines and the propeller-rotors 
(hereinafter referred to as “prop-rotors”) hang below the 
wing so that hover CG limits can be exceeded, the following 
relates to a configuration where one nacelle hangs below the 
wing and another is supported above the wing. This asym- 
metric configuration offers better CG control for the vehicle 
while in hover mode. 

With reference to FIGS. 1-3, a vehicle 10 is provided and 
may be a manned or unmanned VTOL aircraft with a tail 
sitter configuration and hover capability. The vehicle 10 
includes a wing 20 and at least a first engine 30 and a second 
engine 40. The wing 20 has a first (or suction or upper) 
surface 21 and a second (or pressure or lower) surface 22 
opposite the upper surface 21 as well as a first side 23 and 
a second side 24. The first and second sides 23 and 24 
oppose one another and may be substantially similarly 
shaped and weighted. The wing 20 further includes a sub- 
stantially planar leading edge 25 and a tapered trailing edge 
26, which are respectively defined in accordance with nor- 
mal flight patterns, as well as first and second side edges 27 
and 28 respectively associated with distal portions of the 
first and second sides 23 and 24. The tapered trailing edge 
26 may include an aerodynamic pointed portion 260, which 
may be substantially aligned with a mid-line of the vehicle 
10 between the first and second sides 23 and 24. 

Although the leading edge 25 and the trailing edge 26 are 
illustrated as being planar and tapered, respectively, it will 
be understood that this configuration is not required and that 
alternative configurations are possible. For example, the 
leading edge 25 could be tapered and the trailing edge 26 
could be planar, both the leading and trailing edges 25 and 
26 could be planar or both the leading and trailing edges 25 
and 26 could be tapered. 

The wing 20 thus defines a volumetric aerodynamic 
element and has a side-to-side wing axis A, extending 
between the first and second side edges 27 and 28. The first 
and second engines 30 and 40 are disposed to drive wing 
movement and are respectively supported asymmetrically 
on the wing 20. That is, the first engine 30 may be supported 
on the first surface 21 at the first side 23 of the wing 20 and 
the second engine 40 may be supported on the second 
surface 22 at the second side 24 of the wing 20. As such, the 
first and second engines 30 and 40 define a lift axis A, that 
is transversely oriented relative to the wing axis Ay to 
thereby facilitate center of gravity control of the vehicle 10 
during hover operations in which the vehicle 10 is in flight 
but remains in a substantially vertical orientation (i.e., the 
leading edge 25 faces upwardly and the trailing edge 26 
faces the ground). 

In accordance with further embodiments and, with refer- 
ence to FIG. 4, the vehicle 10 may include at least one or 
more of an additional engine 50, which may be supported at 
a crossing of the wing axis A,, and the lift axis A,, and 
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additional engines 51, 52 supported asymmetrically on the 
first surface 21 at the first side 23 of the wing 20 and on the 
second surface 22 at the second side 24 of the wing 20, 
respectively. The lift axis AL show shift to a thrust center of 
each engine pair (i.e., mid-way between second engine 40 
and additional engine 52 and first engine 30 and additional 
engine 51. 

In any case, the first and second engines 30 and 40 of 
FIGS. 1-3 (as well as the additional engines 50, 51 and 52 
of FIG. 4) may each includes a prop-rotor 70. The prop-rotor 
70 includes a hub 71 and a plurality of blades 72 extending 
radially outwardly from the hub 71. Each blade 72 may 
further include a bladelet 720 at a distal end thereof, which 
is angled obtusely relative to the associated blade 72. The 
bladelets 720 of the first side 23 of the wing 20 may be 
oppositely angled relative to the bladelets 720 of the second 
side 24 of the wing 20. In operation, the first and second 
engines 30 and 40 drive rotations of the prop-rotors 70 to 
thereby induce thrust generation to drive a movement of the 
wing 20 and the vehicle 10 in general. 

In accordance with further embodiments, the first engine 
30 may be supported within a first engine nacelle 80, which 
is coupled to the first surface 21 at the first side 23 of the 
wing 20 and the second engine 40 may be supported within 
the a second engine nacelle 81, which is coupled to the 
second surface 22 at the second side of the wing 20. Thus, 
the first, nacelle supported engine 30 may be disposed above 
the wing 20 at the first side 23 of the wing 20 and the second, 
nacelle supported engine 40 may be supported below the 
wing 20 at the second side 24 of the wing 20. 

The vehicle 10 may further include first and second 
secondary wings 90 and 91 as well as third and fourth 
secondary wings 92 and 93 to provide for additional flight 
control for the vehicle 10. The first secondary wing 90 
extends transversely or normally away from the first surface 
21 at the first side 23 of the wing 20, the second secondary 
wing 91 extends transversely or normally away from the 
second surface 22 at the first side 23 of the wing 20, the third 
secondary wing 92 extends transversely or normally away 
from the first surface 21 at the second side 24 of the wing 20 
and the fourth secondary wing 93 extends transversely or 
normally away from the second surface 22 at the second side 
24 of the wing 20. In addition, the vehicle 10 may include 
alighting elements 95, which are respectively disposed at 
trailing ends of the first, second, third and fourth secondary 
wings 90, 91, 92 and 93 to support the wing 20 during 
grounded conditions of the vehicle 10. 

Although the vehicle 10 is described above as having a 
tail sitter configuration, it is to be understood that this is not 
required and that other configurations are possible. For 
example, at least one or both of the first and second engines 
30 and 40 may be a pusher propeller. 

While the invention has been described in detail in 
connection with only a limited number of embodiments, it 
should be readily understood that the invention is not limited 
to such disclosed embodiments. Rather, the invention can be 
modified to incorporate any number of variations, altera- 
tions, substitutions or equivalent arrangements not hereto- 
fore described, but which are commensurate with the spirit 
and scope of the invention. Additionally, while various 
embodiments of the invention have been described, it is to 
be understood that aspects of the invention may include only 
some of the described embodiments. Accordingly, the inven- 
tion is not to be seen as limited by the foregoing description, 
but is only limited by the scope of the appended claims. 
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What is claimed is: 

1. A vehicle, comprising: 

a wing having opposite surfaces and opposite sides; and 

first and second engines disposed to drive wing movement 
and being respectively supported asymmetrically on 5 
the opposite surfaces and substantially equidistant from 
a mid-line at the opposite sides of the wing wherein a 
surface opposite of the first engine is devoid of an 
engine and a surface opposite the second engine is 
devoid of an engine. 

2. The vehicle according to claim 1, wherein the vehicle 


comprises a vertical take-off and landing (VTOL) aircraft 
with hover capability. 


3. The vehicle according to claim 1, wherein the wing 


comprises: 


opposite leading and trailing edges; and 
opposite side edges extending between the opposite lead- 
ing and trailing edges. 


4. The vehicle according to claim 3, wherein at least one +, 


of the leading and trailing edges is substantially planar and 
at least one of the leading and trailing edges is tapered. 


5. The vehicle according to claim 3, wherein trailing edge 


tapering comprises a point at a mid-line of the wing between 
the opposite sides. 


25 
6. The vehicle according to claim 3, wherein the wing has 


a side-to-side wing axis extending between the opposite 
surfaces and the first and second engines define a lift axis 
transversely oriented relative to the wing axis. 


7. The vehicle according to claim 6, further comprising an 


additional engine supported at a crossing of the wing and lift 
axes. 


8. The vehicle according to claim 6, further comprising 


additional engines supported asymmetrically on the opposite 
surfaces and at the opposite sides of the wing. 


9. The vehicle according to claim 1, wherein the first and 


second engines each comprise a propeller-rotor. 


10. The vehicle according to claim 1, further comprising: 

a first engine nacelle configured to support the first engine 
and coupled to one of the opposite surfaces at one of the 
opposite sides of the wing; and 

a second engine nacelle configured to support the second 
engine and coupled to the other one of the opposite 
surfaces at the other one of the opposite sides of the 
wing. 
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11. The vehicle according to claim 1, further comprising: 
first and second secondary wings extending from each of 
the opposite surfaces at one of the opposite sides of the 
wing; and 
third and fourth secondary wings extending from each of 
the opposite surfaces at the other of the opposite sides 
of the wing. 
12. The vehicle according to claim 11, further comprising 
alighting elements disposed at trailing ends of the first, 


A second, third and fourth secondary wings to support the 


wing during grounded conditions. 

13. A vertical take-off and landing (VTOL) aircraft with 

hover capability, comprising: 

a wing having opposite surfaces, opposite sides and a 
side-to-side wing axis extending between the opposite 
surfaces; and 

first and second nacelle supported, propeller-rotor engines 
disposed to drive wing movement, 

the first and second nacelle supported, propeller-rotor 
engines being respectively supported asymmetrically 
on the opposite surfaces and substantially equidistant 
from a mid-line at the opposite sides of the wing to 
define a lift axis transversely oriented relative to the 
wing axis to thereby facilitate center of gravity control 
during hover operations, wherein a surface opposite of 
the first engine is devoid of an engine and a surface 
opposite the second engine is devoid of an engine. 

14. The VTOL aircraft with hover capability according to 

claim 13, further comprising one or more of: 

an additional engine supported at a crossing of the wing 
and lift axes; and 

additional engines supported asymmetrically on the oppo- 
site surfaces and at the opposite sides of the wing. 

15. The VTOL aircraft with hover capability according to 

claim 13, further comprising: 

first and second secondary wings extending from each of 
the opposite surfaces at one of the opposite sides of the 
wing; 

third and fourth secondary wings extending from each of 
the opposite surfaces at the other of the opposite sides 
of the wing; and 

alighting elements disposed at trailing ends of the first, 
second, third and fourth secondary wings to support the 
wing during grounded conditions. 


* * * * * 


